properties may be explained by much simpler assumptions than those involved in the view that it is a living organism.
The most successful of the many attempts to purify and isolate bacteriophage was carried out by Bechhold and Schlesinger (9) . Schlesinger (10) obtained from B. coli lysates a suspension of particles of about 90 m/~ diameter which he considered to be the active agent itself. This preparation was extremely active and was free from bacterial protein but no convincing evidence of its purity was obtained. Bechhold (11) considered the particles to be living ceils.
Most of the work has been done with small quantities of crude material and has been carried out entirely in solutions. Experience in the purification and isolation of enzymes has shown that it is essential to have in hand large enough quantities so that weighable amounts of solid material are available. Since even concentrated bacteriophage cultures contain only a few milligrams of organic matter per milliliter and since it is to be expected that the active principle is at most a few per cent of this amount it is evident that large quantities of culture must be handled. It is also essential to have an accurate method for activity measurements as otherwise small variations in activity cannot be detected and hence the progress of purification cannot be accurately followed. Large quantities of culture cannot be handled efficiently during chemical manipulation without contamination with other organisms so that it is also necessary to have a titration method which can be used in the presence of contaminating organisms. Pathogenic organisms present a further diffculty owing to the care with which they must be handled.
Cultural Methods Used
The above considerations led to the selection of a culture of staphylococcus and its accompanying phage isolated by Glaser and by Shope (12) from house flies. The organism is non-pathogenic and the phage may be titrated by a modification of Krueger's (13) accurate titration method. Preliminary experiments showed that broth cultures contained so much inert material that purification was extremely difficult. Since the phage concentration is proportional to the bacteria concentration it should be possible to obtain very concentrated phage solutions by causing lysis to occur on agar cultures. This was found to be true and washings from such lysed cultures may be many hundred times as active as broth cultures. They also were found to contain too much foreign material to handle.
It became evident that a synthetic media would have to be found but since staphylococci do not grow on the usual synthetic media a good deal of work was done before such a medium was obtained. It was eventually found that an extract of dried yeast in boiling water gave a practically protein free solution which was an excellent medium for growth. Conditions were worked out for the production of this media in 200 liter lots and for the growth and subsequent lysis of the culture in this quantity without previous autoclaving.
The lysed solution obtained in this way was slightly yellowish and clear. It contained about 10 [ph.u.]ml. 1, about 0.02 rag. protein nitrogen per ml., and some mucin-like material. It could not be precipitated with neutralsalts nor fractionated by any of the usual methods. This is usually the case with such dilute solutions, especially if they contain mucin. Some of the mucin-like material was removed with lead acetate and the filtrate concentrated in vacuo at 30°C. to 1/20 its volume. There was no loss in activity during this operation and the solution was now sufficiently concentrated so that the usual methods of protein fracfionation could be used with some hope of success. A good deal of the mucin and inert protein could be removed by filtration with Filter-Cel but the resulting solution still could not be fractionated. In the meantime it had been found that the active principle was not attacked by trypsin. Trypsin was therefore added to this filtrate and the solution allowed to stand at 10°C. for several days. At the end of this time all of the inert protein had been digested and the solution could now be readily precipitated with 0.6 saturated ammonium sulfate. The precipitate obtained in this way is brownish. The color is removed by charcoal in alkaline solution and the protein repredpitated with 0.6 saturated ammonium sulfate. The precipitate is filtered with Filter-Cel to remove traces of charcoal and some inert protein. The details of the procedure are shown in x One phage unit (ph. u.) is defined as the quantity of active agent which will cause lysis of 5 ml. of standard suspension in 1 hour at 35°C. The usual broth lysates contain about one [ph. u.] ml. on this scale. This unit is equal to about 101° ph. u. as defined by Krueger (13) . Table I which represents about an average experiment. The yield varies from 10-80 per cent of the original phage activity. It will be noticed that through the first five steps there is a rapid decrease in protein but no loss in activity and at this point the specific activity of the preparation ([ph.u.]mg. protein nitrogen) is the same as the final preparation. In succeeding steps, however, there is, at each precipitation, a loss in activity without loss of protein; i.e., inert protein is formed. This loss of activity during the process of purification has greatly increased the difficulty of the work. Crude phage solutions are extremely stable and may be kept for years at 0°C. without loss of activity. As purification proceeds the preparation becomes increasingly unstable; so much so that many of the usual methods cannot be used. Thus, filtration of any active precipitate results in loss of much activity and if the filtration be carried on until the precipitate is dry the activity is completely destroyed. Prolonged centrifuging inactivates the material and concentration in Wyckoff's ultracentrifuge also causes more or less complete inactivation. On the other hand, settling by gravity causes very little loss and this method is therefore used as much as possible. The original concentration of active phage present in the crude culture may be calculated from the specific activity of the final product and is found to be about 1 rag. per liter. This is very much less than that found by Schlesinger with coli phage. The difference may be due to the greater activity of the present preparation or coli phage may actually be found in much larger quantity than is the staphylococcus phage.
General Properties of the Preparation
Composition.--The material obtained in this way has the composition of a nucleoprotein (Table II) . It contains less than 1/10 per cent glucosamin and about 1 per cent glucose. The phosphorus content is higher than that reported by Schiesinger. There is a marked increase in amino nitrogen after acid hydrolysis. Hydrolyzed solutions give a precipitate with alkaline silver nitrate indicating the presence of purine bases.
The activity is destroyed by chymo-trypsin but not by trypsin, by heating to 50°C. for 5 minutes, by acidity greater than pH 5.0, and by glycerine, alcohol, and acetone. It is most stable in solution in about 25 per cent saturated ammonium sulfate pH 7.0 but even under these conditions it loses activity at the rate of about 10 per cent a day at 10°C.
Causation of Lysis by Purified
Phage.--In the method used to titrate phage activity, lysis is not caused directly by the phage added but by the phage produced from this original quantity during the test. It seemed possible that several substances might be formed during this reaction and that the purified phage alone could not cause lysis. It was found, however, that addition of sufficient purified phage to 
Minimum Quang~y of Pl~age Necessary to Produce Lysis.--Since
growth of the bacteria is necessary for the production of phage it is evident that the minimum quantity of phage necessary to cause lysis depends on the concentration of the bacteria suspension used. It follows from the analysis of the reaction, described in a previous paper (15) , that this effect disappears with very dilute bacteria suspensions and that under these conditions the quantity of phage required to produce lysis should be independent of the volume and concentration of the bacteria suspension, m~. The results of an experiment in which a series of tubes of very dilute bacteria suspension (about 100-1000 bacteria/ml.)were inoculated with decreasing quantities of purified phage are shown in Table III . From the number of such samples which show lysis it is possible by probability theory to calculate the average number of phage "units" per milliliter of the original solution on the assumption that one or more phage units will cause lysis under the conditions of the experiment. Tables for this calculation have been prepared by Halvorsan and Ziegler (16) and the present results are calculated from their tables.
When calculated in this way the final value of the quantity required to give positive results should be independent of the dilution if one particle can be detected and this is the result for phage titrations carried out by Feemster and Wells (17) . The present experiments show a drift to smaller values of the "unit" as the dilution increases which would be the case if more than one particle were required to initiate the process. The number of determinations is too small to be certain of the conclusion. On the other hand it may be mentioned that Feemster and Wells added the bacteria to the phage suspension before sampling and since the phage is taken up by the bacteria it is possible that this method tests for the number of organisms which contain sufficient phage to detect rather than the number of phage particles themselves. The results of the present titrations show that about 1 × 10 -is mg. protein nitrogen of purified phage will cause lysis. This is equivalent to about 5 X 10 -t8 mg. protein and if this quantity is assumed to be one molecule then the gram molecular, weight of the material is this number times Avogadro's number or 5 X 10 -18 X 6 X 102s --30 X 101° rag. = 30 X 10 ~ gin. This is about the same order of magnitude as found by Schlesinger (10) for the molecular weight by sedimentation velocity method in concentrated solution but is larger than that found by diffusion in dilute solution.
These results show that the presence of one or, at most, very few phage molecules (particles) can be detected. If this result is correct it is evidently impossible to account for the reactivation of inactivated phage by the assumption that inactivation was incomplete.
Size of Phage Particle (Molecular Weight).--Filtration experiments
by Elford and Andrews (18) result in a calculated diameter for staphylococcus phage particles of about 90 m/~(9 × 10-6cm.). This corresponds to a molecular volume of 4/3 ×Tr× (5 × 10-~) 3 × 6 × 10 *~ or 36 × 107 cm 3. Bronfenbrenner and Muckenfuss found, however, that some active material passed through much smaller pores. Bronfenbrenner and Hetler (14) by the diffusion method also found a much smaller value corresponding to a radius of about 1-10m/~ or a molecular weight of about 10,000-800,000. Bronfenbrenner considered that in crude phage solutions part of the phage was combined with bacterial debris and that the phage particle itself was represented by the smaller figure.
Bronfenbrenner's diffusion experiments with crude phage were repeated and confirmed during the present work and it was expected that purified solutions would give constant values corresponding to the small particles. It was found, however, that concentrated purified phage solutions which contained 0.1 rag. protein per ml. or more gave very small diffusion values (D = about 0.001 cm.2/day) corresponding to a molecular weight of many million. If the diffusate from such experiments was replaced in the diffusion cell (19) and the diffusion repeated a constant value of about 0.02 cm.~/daywas obtained corresponding to a molecular weight of about 500,000. If the original solution is diluted to the corresponding concentration (about 0.01-0.001 rag. protein/ml.) the same value for the diffusion coefficient of 0.02 cm?/day was obtained. It was further found that even concentrated phage solutions gave the same value for the first small amount of phage which diffused out. These results confirm Bronfenbrenner's conclusion that there are various size phage particles but the smallest found in the present work had a diffusion coefficient of about 0.02 cm.~/day. They indicate, in addition, that the small and large particles are in equilibrium since by simple dilution the large value for the diffusion coefficient is obtained. 6 X 10 ~a A summary of several experiments in which the diffusion coefficient was determined by both protein nitrogen and phage activity is shown in Table IV . It is evident that the protein nitrogen and the activity diffuse at the same rate. (20) has shown that the molecular weight may be calculated from the rate of sedimentation in a centrifugal field. Schlesinger (10), by this method, had calculated a diameter of about 90 m/z agreeing with the filtration figure but this result was obtained with concentrated solutions. Grafia (21) obtained smaller values.
Rate of Sedimentation in Ultracentrifuge.--Svedberg
The sedimentation velocity of purified phage has been measured by Wyckoff (22) who found the preparation to be practically homogeneous in size and to have a sedimentation content of 650 × 10 -1. era.dyne -1 sec. -1 corresponding to a molecular weight of hundreds of millions. This determination again was necessarily done in concentrated solution.
The sedimentation constant unfortunately cannot be determined by the centrifuge method in the range of concentration (<0.01 mg./ml.) in which the diffusion method shows the phage to be of much smaller size. It is possible, however, to test qualitatively the effect of dilution by centrifuging solutions of different concentrations in relatively large tubes and determining the phage concentration in the top and bottom half of the tubes. If the active particles are all of the same size, or if they are a mixture of several different sizes which are independent of each other, then it would be expected that the ratio of the concentration in the bottom half to that in the top would be constant at all concentrations, while if there were large particles which dissociated into small ones on dilution then the ratio of the bottom to top would decrease as the solution was diluted. The results of such an experiment are shown in Table V . All tubes of any one experiment were centrifuged together in the same head. A tube containing tobacco mosaic virus protein, which is known to have a molecular weight of 17 million (Stanley (8)) is included for comparison. The results show that the more dilute the solution the smaller the fraction of the phage which is found in the bottom half of the tube. They also indicate an equilibrium between large and small particles since the bottom portion of a solution which has been sedimented behaves upon dilution just as the top half of the same solution when diluted to the same concentration. They show further that in dilute solution the phage particle sediments more slowly than does tobacco mosaic (molecular weight 17,000,000) while in concentrated solution it sediments more rapidly.
The results as a whole indicate that phage exists in solution in varying sized particles with a maximum diameter of about 1 X 10 -5 cm. (100 m#) corresponding to a molecular volume of about 300,000,000 cm. 3 and a minimum diameter of about 1 × 10 -6 cm. corresponding to a molecular volume of about 500,000 cmY When the solution is diluted with an inactivated portion of the same solution the effect of dilution on the sedimentation rate is less marked. Measurements of such inactive solutions, by the usual ultracentrifuge technique show that they contain only small molecules with a sedimentation constant corresponding to a molecular weight of about 500,000 which is the same as that found for the active particles in high dilution. If the small inactive particles could enter into the equilibrium with the active ones the effect would be to decrease dissociation on dilution.
No loss in activity occurred during these experiments. Svedberg (20) and his collaborators have found that some proteins of high molecular weight, especially certain hemocyanines, also dissociate into smaller molecules. In this case the small molecules appear even in concentrated solution in alkaline pH ranges. Wyckoff (22) has found that some virus proteins also dissociate in alkaline solution. It is evident, however, that if the various size particles are in equilibrium in alkaline solution they must be in equilibrium at all ranges of acidity although the percentage of the smaller ones present may be extremely small. However, if the solutions were infinitely dilute the protein would be present as small molecules at all pH. This appears to be the case with bacteriophage.
A ctivity of Small and Large Phage Molecules.--The preceding experiments indicate that phage is present in solution in the form of large and small molecules which are in equilibrium with each other. Since the large molecules increase as the concentration increases, the activity of the solution would increase faster than the total concentration, if the large molecules alone were active, and more slowly if the small molecules alone were active. Actually, it is found that the time required to cause lysis is inversely proportional to the log of the phage concentration instead of to the concentration itseff as is usually the ease with enzyme reactions. This result, however, can be derived (15) from the peculiar relation between bacteria growth and phage production and therefore does not necessarily mean that the phage activity increases more slowly than the concentration. It must be remembered also that the activity measurements are all carried out in dilute solution (< l~,/ml.) in which range the phage is present practicaUy entirely in the form of small molecules. The question as to the relative activity of the large and small molecules cannot therefore be definitely decided at present. denatured protein to be of much smaller molecular weight than the active protein.
Relation of Phage
The result of an experiment in which the protein was denatured by acid is shown in Table VI . At pH 7.0 and 4.7 there is no change in activity in 24 hours. At pH 4.4 practically all the activity is lost after 5 minutes at 20°C.; the total protein content remains constant but the viscosity increases and after standing at 0°C. for 24 hours the denatured, inactive protein may be filtered off. (23) have shown that such heat inactivated phage may be reactivated under certain conditions. Lomlnski (24) has also reported similar results. This is probably a case of the reversal of denaturation of a protein and may furnish the explanation for Kendall's (25) experiments in which it was found that active phage may be obtained from autoclaved solutions.
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Hydrolysis of Phage by Various Enzymes.--The fiterature concerning the digestion or inactivation of phage by enzymes, especially "trypsin," is controversial. This is probably due to the fact that crude trypsin preparations, which contain several enzymes, have been used. It was found in the present work that phage was inactivated by chymo-trypsin (26) but not by trypsin. The denatured protein is not hydrolyzed by either pepsin, trypsin, or chymo-trypsin. The effect of these enzymes on active and inactive phage preparations is shown in Table VIII . It will be noted that there is no significant change in the concentration of total protein nitrogen. There is, however, a qualitative change in the protein when the activity is destroyed by chymo-trypsin. Mter inactivation the protein has the same properties as protein denatured by heat and may be removed by filtration or centrifugation. There is in this case also an increase in viscosity and concentrated solutions set to a gel. This action of chymo-trypsin on the bacteriophage therefore appears to be very similar to its action on casein (26) . Dilute chymo-trypsin causes milk or casein solutions to clot without any marked change in total protein concentration although more concentrated enzyme solutions do digest the protein.
The concentration of chymo-trypsin required to inactivate phage solutions is very much higher than that required to clot milk and it is probable that still higher concentrations would hydrolyze the protein but the accurate determination of phage protein in the presence of such large amounts of chymo-trypsin is experimentally difficult.
The results of a series of experiments in which the loss in phage activity was compared with the denatured protein formed is shown in Table IX . The rate of inactivation of the phage is proportional to the concentration of chymo-trypsin, indicating a true catalytic reaction. Slightly more protein was denatured than corresponded to the loss in activity so that the protein remaining was slightly more active than the original but the difference is hardly outside the experimental error.
Sedimentation of Phage Activity and of the Protein in the Ultracen-
trifuge.--It was stated above that the preparation was found to be homogeneous when examined in the analytical centrifuge. In the absence of other evidence, however, this result cannot be considered proof of purity since Svedberg (20) has shown that proteins exist in groups having the same molecular weight; hence several proteins might be present and still present a solution homogeneous in regard to size. It is also known that some proteins may be denatured without change in molecular weight so that the method would fail to distinguish between native and denatured protein. There is the further pos-sibility that the active agent is present in too small concentration to detect or that it did not absorb ultraviolet light strongly. A much more sensitive test for the relation of protein to activity consists in centrifuging the solution in bulk and analyzing various layers of the centrifuged solution for activity and protein. The result of such an experiment is shown in Table X . The figures show that the relation of protein to activity is the same throughout the solution. Hence, the protein and the active agent sediment at the same rate. There was no loss of activity during this experiment but if the precipitate is resuspended and again centrifuged there is considerable loss in activity so that this method cannot be used as a means of purification. The inactive protein formed in this way has approximately the same sedimentation constant as the active protein (~¢¢yckoff (22)).
Absorption of Phage Activity and Protein by Bacteria.wSusceptible
living or dead bacteria remove phage activity from solution. With living bacteria the phage is distributed between the bacteria and the solution in accordance with the normal distribution law while dead bacteria bind the phage irreversibly in accordance with the adsorption theory (Krueger (27) ). This reaction is specific since non-susceptible bacteria do not exhibit this property and furnishes a sensitive test for the relation of the phage activity and the protein. The results of an experiment in which this relation is tested are shown in Table XI . Two phage preparations were used; one (60-16) contained some inert protein while the second (9,4-25) contained less. The bacteria removed relatively more activity than protein from the impure preparation so that the solution left showed a lower specific activity than the original. With the more active preparation the loss in activity was proportional to the protein removed. The bacteria therefore appear to take up ohly the active protein. Non-susceptible staphylococci or coli do not remove either protein or activity.
This property of removing phage from solution appears to furnish a very efficient method of purification but no practical method could be found to remove the phage from the bacteria although the phage may be removed by repeated washing. The solution obtained in this way, however, is too dilute to use as a means of preparation.
Ultraviolet Absorption Spectra.--The ultraviolet absorption spectrum may be determined by direct measurement and the inactivating efficiency of the various wave lengths may be determined by inactivation experiments with monochromatic light. The relative absorption spectra may be calculated from such inactivation experiments, as Warburg has shown. If it is found that the relative absorption spectra for various wave lengths, as determined from inactivation experiments, agree with those found by direct observation very strong proof of the identity of the protein and the active agent would be obtained. The necessary apparatus for such inactivation experiments was not available but such measurements have been made by Gates (28) with a closely related bacteriophage. The relative absorption spectra calculated from Gates' measurements and that found with a purified phage preparation are shown in Fig. 2 . The two curves coincide very well from 2600-2900 ~.. u. but below 2600 the curves diverge. The direct measurement on purified phage shows greater absorption in this region than indicated by Gates' inactivation experiments. This discrepancy may be due to the fact that Gates' measurements were carried out with a different phage or to the presence of some inert material in the present phage preparation which absorbs strongly in this region. It is also possible that light may be A similar discrepancy has been found in the case of urease (28a) and also with pepsin (28b). 2600 /~. u. was 2 for a concentration of 0.1 rag. protein/ml. The absorption varies with the concentration so that this figure cannot be corrected to unit concentration. This value is greater than that of most simple proteins and the shape of the curve is not that usually found for simple proteins.
The ultraviolet measurements were made by Dr. George I. Lavin. Solubility Determinations.--The preceding experiments show that the protein and activity are certainly very closely related and that the activity appears to be a constant property of the protein. Ex-perience has shown, however, that a protein may behave in many respects as a pure chemical compound and yet, when tested by the solubility method, prove to be a mixture or solid solution of several different, although probably closely related, proteins. There is some indication in the experiments reported above that the preparation contains some inert protein, since the specific activity varies between 5,000 and 10,000 [ph. u.]mg. N and since it was not possible to obtain quantitative separation of denatured and native protein. Solubility determinations were therefore made and it was found that the solubility increased rapidly as the total concentration increased, showing that the solid phase consisted of more than one component. It was further found that the specific activity of the solution was slightly higher than that of the precipitate. These results indicated a further method of purification. In the earlier work the protein was precipitated from dilute solution with 0.5 saturated ammonium sulfate. It appeared from the results of the solubility experiment that in more concentrated solution a large amount of activity would remain in solution in this concentration of ammonium sulfate and that this fraction would be more active. Accordingly, many attempts were made to prepare a concentrated solution which could then be precipitated with 0.3 saturated ammonium sulfate. The difficulty lies in the fact that at each precipitation more or less denatured protein is formed which can only be removed by redissolving in water, precipitating at 0.45 ammonium sulfate to remove the inert protein, and filtering. The precipitate formed under these conditions carries with it more or less of the active protein so that again a dilute solution is obtained. However, two preparations were obtained which had a specific activity of 20,000 [ph.u.]mg. nitrogen which is 2-3 times that of the material used in the earlier experiments. This material was soluble to the extent of at least 0.10 mg./ml, in 0.45 saturated ammonium sulfate and its solubility in 0.53 saturated ammonium sulfate varied only slightly with the total concentration. This is a very rigorous test of purity and the results show that this preparation consisted largely of one component.
DISCUSSION
The present work has shown that a substance with the general properties of a nucleoprotein may be isolated from lysed cultures and that the bacteriophage activity is very closely associated with the protein. The bacteriophage, in common with the viruses, possesses the remarkable property of increasing when in the presence of the proper living cells. In the case of bacteriophage, at least, the increase under certain conditions is autocatalyfic; i.e., it is proportional at any time to the amount already present. This increase is analogous in many respects to the growth of cultures of unicellular organisms and, largely for this reason, bacteriophage and other viruses are assumed by many workers to be living organisms. This assumption tacitly involves the further assumption of organized cellular structure and of metabolism for which, at present, there appears to be no evidence. There is, indeed, no proof that the phage increases by itself since the increase occurs only in the presence of living cells and since under these conditions, the normal proteins and enzymes of the cells are also increasing. In fact, it has been recently found by Kunitz (29) that an extracellular proteolytic enzyme produced by a mold (Penic~llium) increases in an analogous manner. The only difference between the phage and "normal" enzymes or proteins, then, is the fact that not all cultures contain it. If all cultures did contain it, it would simply be regarded as a normal enzyme and the culture would be said to autolyze readily. The same is true of many viruses. Their characteristic property is not that they increase in the presence of living cells, since many other substances also increase, but that some cells, which previously did not produce any phage or virus, will do so after being inoculated with the active agent. It is possible that this property may be quite general and that many substances would be found to increase when added to living cells if it were possible to first obtain cells which did not already have some of the substance present. A case in point is the formation of the specific pneumococcus polysaccharide. Griffith (30) found that under certain conditions pneumococci could be freed from their capsules and grown without forming any specific capsular material. If capsular material from a different type is now added the culture produces indefinite quantities of this latter type. For example, a Type II culture grown under conditions which result in loss of Type II capsule may be inoculated with Type III capsular material which then increases in the culture. The production of antibodies may be a related phenomenon, although in this case the antigen itself does not increase but instead a new protein, the antibody, increases.
Gratia (38) has shown that thrombin increases during the dotting of blood and has pointed out the analogy between this reaction and the production of phage. The mechanism assumed for the formation of bacteriophage outlined in the following is similar to that proposed by Bordet (6) .
Two cases in which such autocatalytic production of a protein may be obtained in vitro have recently been studied in detail. An inert protein which does not differ in any striking way from many other proteins was isolated from pancreas. If a solution of this inert protein is inoculated with a trace of active trypsin all the inert protein is gradually transformed to the active enzyme, trypsin (31) . This reaction is autocatalytic just as is the rate of increase of bacteriophage. Similarly, an inert protein has been isolated from gastric mucosa which, when inoculated with pepsin under proper conditions, is transformed into active pepsin (32) . The reaction is again autocatalytic. The immunological relations have been worked out in the latter case and found to be similar to those of the bacteriophage or tobacco mosaic systems (39) . The pepsin is immunologically distinct from the other proteins of the animal and also from its inactive precursor. The enzyme and its precursor are, in an immunological sense, foreign proteins as is the protein of the lens or the bacteriophage or tobacco mosaic protein. A further analogy with the phage and the viruses consists in the fact that pepsin of one species may be "adapted" to another species since if swine pepsinogen is inoculated with chicken pepsin, swine pepsin is produced, and not the chicken pepsin used for inoculation (33) .
It will be noted that, although other enzymes may be "grown" by an autocatalytic reaction in solutions of their precursors, this reaction is not synthetic but is probably an hydrolysis. It is extremely improbable that any protein can be synthesized by a purely catalytic reaction under biological conditions since it is known that under such conditions of temperature and pH proteins hydrolyze slowly into their constituent amino acids and this process may be accelerated by a number of catalysts. If, now, another catalyst could be found which would cause the synthesis of proteins from amino acids without the expenditure of energy, a perpetual motion would result3 There is It is possible to assume that the reaction Protein + H~O ~ amino acids is reversible but that the concentration of protein at equilibrium is extremely small. Even though only traces of protein were present, still large quantities could be formed by this reaction if a mechanism existed to remove the protein from the solution. If the protein were very insoluble it would be continually removed as it was formed and in this way the total amount formed might be large. This may be the explanation of "plastein formation" since the "protein" formed is insoluble and since the reaction does not occur with proteins like gelatin which do not form insoluble precipitates in the presence of pepsin.
From this point of view the formation of the viruses and bacteriophages might be accounted for by the assumption that they are polymers of smaller proteins good reason to believe, therefore, that the synthesis of protein requires energy and that it can only take place in a system organized to supply this energy, as in a living cell. Thus, the cells of the gastric mucosa synthesize the inert protein, pepsinogen, which is transformed to the active enzyme by an autocatalytic reaction.
A similar mechanism will evidently account for the increase of bacteriophage and other viruses in the presence of living cells. The cells synthesize a "normal" inactive protein. When the active virus or bacteriophage is added, this inactive protein or "pro-phage" is transformed by an autocatalytic reaction into more active phage. This mechanism accounts for the fact that phage is produced rapidly only in the presence of growing cells since only in growing cells is synthesis taking place. Evidently the amount of "pro-phage" present in the cells at any one time must be small and hence the failure to obtain large increases of the active agent in the absence of living cells is to be expected. It might be expected that under certain conditions enough of the inert protein would be present to cause a detectable increase in phage without growth of cells and such a case has recently been reported by Krueger (34) . Small increases in phage under these conditions have also been reported by Gratia (35) . If the "pro-phage" present in the cells is kept constant while growth occurs the rate of formation of the active material will be proportional only to the amount already present, i.e. dP --~KP dt and this is the experimental result. Since the rate of the phage reaction is faster than that of bacterial growth phage will sooner or later be formed faster than the "pro-phage" and the rate will then depend on the growth rate of the bacteria. It is possible that lysis occurs at this point. The active protein is of much higher molecular weight than most and that the process of polymerization continually removes the original small protein molecule from the system. It would still be necessary to assume that the small units were formed autocatalyticaUy from the constituent amino acids. There appears to be no evidence for this reaction and the whole mechanism is more complicated than that outlined above.
normal proteins and this is true of viruses in general. Svedberg (20) and his collaborators have found, however, that some "normal"
proteins are nearly as large and further that these large molecules dissociate under certain conditions into smaller molecules of the same order of size as "normal" proteins. This process appears to be reversible so that there is an equilibrium between large and small protein molecules. The formation of very large protein molecules from small ones, therefore, is quite different from the formation of protein from amino acids since it may go in either direction without the necessity of added energy. The large active protein molecule could, therefore, be formed from a small inactive protein molecule without energy being added and it is not necessary to assume that this inactive precursor is of very high molecular weight. It was shown above that there is reason to believe that phage itself exists in small and large molecules which are in equilibrium with each other. It appears to the writer that the assumption that the living host cells synthesize an inert "normal" protein which is changed to the active phage by an autocatalytic reaction accounts for the observed facts as well as does the far more complicated series of assumptions involved in the hypothesis that the phage itself is a living organism.
Experimental Methods
Protein Nitrogen Determination.--1 ml. of solution is added to 9 ml. $ per cent trichloracetic acid and the suspension allowed to stand at least 15 minutes at 20°C. Turbidity compared in Klett photoelectric colorimeter (36) with standard suspension, the protein nitrogen content of which had been determined by Kjeldahl method. In the range of from 0.5 to 53, protein nitrogen/ml, the colorimeter reading is inversely proportional to the concentration of the suspension. For convenience a standard suspension may be read against ~/25 copper sulfate made up in ~/10 sulfuric acid and a curve plotted. This curve may then be used for analyzing unknown solutions against the copper sulfate. The colorimeter readings are accurate to less than 5 per cent but if the protein differs qualitatively from that used as a standard the determination may be in error by 50 per cent or more. It is therefore necessary to check determinations occasionally by the Kjeldahl method, especially during the purification process.
Phage Activity.--The method used was a slight modification of that described by Krueger (13) . More concentrated bacteria suspension and more concentrated phage solutions were used in order to shorten the time of the measurement, to avoid trouble due to contaminating organisms, and to obviate long serial dilutions.
Standard Staphylococci Su~pens/on.--Growth from 18 hour Blake bottles is washed off with sterile broth and the suspension diluted with broth so as to contain 0.3 turn. 3 bacteria/ml, as determined by centrifuging method (37) . This is equivalent to 0.03 nag. protein nitrogen/ml, if the bacteria suspension is standardized in the colorimeter against a casein solution or to about 1 × 10 s organisms/ml. by plate count. 5 ml. of this standard suspension is pipetted into a series of 2.0 × 15 an. sterile test tubes. 1.1 ml. of the phage solution to be titrated is added to one tube, 0.6 nil. of this suspension is added to the next tube, 0.56 of this to the third, etc. In this way a series of tubes is prepared containing 1.0, 0.1, 0.01, 0.001 ml., etc. of the phage solution. The tubes are placed in a shaker in the water bath at 36°C. and the time determined at which the turbidity of the tubes matches that of a standard tube containing 0.05 rag. protein nitrogen/ml. equivalent. The relation of the time of lysis during the log phase of growth to the quantity of phage activity is expressed by an equation of the general form tffiKlogP+C.
If one phage unit is defined as the quantity of active phage which will cause lysis of 5 hal. of standard bacteria suspension in 1 hour then the equation becomes t=,KlogP+l
The value of K (which is the slope of the llne when log P is plotted against time for lysis) depends on the rate of growth of the culture so that anything which affects the rate of growth affects the determination. It is necessary, therefore, to use the same broth and, if possible, run the determination simultaneously if strictly comparable results are to be obtained. Under these conditions an error of less than 5 per cent may be obtained. Determinations made at different times with different culture media and different bacteria suspensions may differ by many times. For this reason a series of dilutions of a crude "standard phage" which was kept at 0°C. was run with each set of unknown solutions. If the value for the standard phage differed significantly from the average value obtained in a series of measurements the determination was discarded.
Under the conditions used in the present work the value of K was 0.6 hour and the equation used therefore was t-1 -logx0 P --0.60 35,000 liters of crude phage solution have been prepared during the course of these experiments and many thousand preparations analyzed for phage activity and protein nitrogen. This part of the work was carried out by Miss Elizabeth Shears to whom the writer is also indebted for assistance in the preparation of the manuscript. SUMMARY 1. A method for isolating a nucleoprotein from lysed staphylococci culture is described.
2. It is homogeneous in the ultracentrifuge and has a sedimentation constant of 650 × 10 -1. cm. dyne -I sec. -I, corresponding to a molecular weight of about 300,000,000.
3. The diffusion coeit~cient varies from about 0.001 cm3/day in solutions containing more than 0.1 rag. protein/ml, to 0.02 in solutions containing less than 0.001 rag. protein/ml. The rate of sedimentation also decreases as the concentration decreases. It is suggested, therefore, that this protein exists in various sized molecules of from 500,000-300,000,000 molecular weight, the proportion of small molecules increasing as the concentration decreases.
4. This protein is very unstable and is denatured by acidity greater than pH 5.0, by temperature over 50°C. for 5 minutes. It is digested by chymo-trypsin but not by trypsin.
5. The loss in activity by heat, acid, and chymo-trypsin digestion is roughly proportional to the amount of denatured protein formed under these conditions. 6. The rate of diffusion of the protein is the same as that of the active agent.
7. The rate of sedimentation of the protein is the same as that of the active agent.
8. The loss in activity when susceptible living or dead bacteria are added to a solution of the protein is proportional to the loss in protein from the solution. Non-susceptible bacteria remove neither protein nor activity.
9. The relative ultraviolet light absorption, as determined directly, agrees with that calculated from Gates' inactivation experiments in the range of 2500-3000/~. u. but is somewhat greater in the range of 2000-2500 ~. u.
10. Solubility determinations showed that most of the preparations contained at least two proteins, one being probably the denatured form of the other. Two preparations were obtained, however, which had about twice the specific activity of the earlier ones and which gave a solubility curve approximating that of a pure substance.
11. It is suggested that the formation of phage may be more simply explained by analogy with the autocatalytic formation of pepsin and trypsin than by analogy with the far more complicated system of living organisms.
